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Transgenerational Inheritance of Trauma Through Epigenetic Mechanisms
Alia Bradley, Southern Maine Community College
Abstract
A common mental illness expressed as a result of trauma is Post
Traumatic Stress Disorder (PTSD). Alterations of gene
expression and DNA methylation through epigenetic mechanisms
have been shown to result from PTSD. Further genetic studies
suggest that epigenetic changes in individuals with PTSD can be
passed on to their offspring. Studies of offspring of PTSD
parentage from traumatized populations, including Holocaust
survivors and survivors of the Tutsi genocide, show epigenetic
markers, such as methylation of the NR3C1 gene, similar to their
mothers. Additionally, mouse model studies of offspring of PTSD
parentage show similar behavioral phenotypes as their parents,
such as depression, anxiety, inability to cope with stress, and
social withdrawal, up to four generations later. There is nuance to
trauma inheritance. Epigenetic expression can also occur through
environmental mechanisms; offspring of PTSD parentage may
experience their own traumatic event in their lifetime, expressing
phenotypes characteristic of PTSD. More research is needed to
elucidate the differences of gene expression as it relates to nature
vs. nurture processes. However, there is strong evidence to
suggest genetic transference of PTSD phenotypes between parent
and offspring is plausible.
Post-Traumatic Stress Disorder (PTSD)
PTSD is a disorder that develops after a traumatizing event. Not
everyone who experiences trauma will develop PTSD. Those
who do, experience symptoms such as re-experiencing events (i.e
flashbacks), avoidance (reminders of event),
hyperarousal/reactivity (“can’t relax”), and cognitive and mood
changes (such as depression). PTSD is known to be expressed by
DNA Methylation.
Fig 1. (left) What is DNA
Methylation?
DNA Methylation is when an enzyme
called DNA methyl transferase,
attaches a molecule called a “methyl
group” to parts of a gene, turning the
gene “off.”
Turning a gene off can have
implications for the health for an
organism
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Methylation of the NR3C1 in Progeny
Studies focused on women who survived during the Holocaust and the Tutsi
genocide reveled transgenerational inheritance of methylated genes. Survivors
and their children’s genes were compared to women who had not experienced
trauma and their children. Higher rates of methylation of the NRC31 gene were
noted in survivors and their children. The NRC31 gene codes for the
glucocorticoid receptor on cells. Turning this gene off results in glucocorticoid
resistance, hindering the body’s ability to cope with stress.

Fig. 3 (above) Continuous behavior modifications in F3 and F4 generations of
patriline trauma in mouse models.
F1, F2 and F3 generations were subjected to elevated maze tests and compared to
control mice. MSUS treatment (A) measures the amount of time spent in the open
arms of an elevated maze. F1 and F2 mice were found to spend more time in this
part of the test, confirming an inherited aversion to open space from father to
offspring. F3 generation displayed less instances of this phenotype. MSUS treatment
(B) measure the time it takes for mice to first enter a maze. In F1, F2, and F3
generations were found to spend significantly decreased amount of latency when
compared to control, suggesting “risk -taking” behavior.

Fig. 2 (above) Methylation rates of the NRC31 gene.
This graph shows the methylation rates of the NRC31 gene, comparing trauma exposed
mothers and their children to non-exposed mothers and their children. Methylation rates at
specific cytosine/guanine base pairings are highest for trauma exposed mothers when
compared to non-exposed mothers. More interesting, is that methylation rates are also
higher in the children of exposed mothers then compared to unexposed mothers and
children, suggesting that the methylation was inherited from their mothers..

PTSD Behavioral/Metabolic Phenotypes are Seen in Later Generations
In mouse models (MSUS), behaviors characteristic of trauma exposure
were noted in patriline. MSUS and control mice were submitted to stress
tests to measure stress responses, and passive coping. When compared to
control mice, MSUS individuals were seen engaging in risk seeking
behavior. (up to F4), had depressive like symptoms (F3 only), dysregulated
glucose/insulin levels (F2 males only), altered social recognition (up to
F3), and memory defects (up to F2). Mechanisms of transmission as it
relates to transgenerational phenotypes, correlate to changes in DNA
methylation in sperm, as well as other epigenetic factors. Other
mechanisms are also at play.

Nature vs. Nurture
The idea of trauma inheritance is subtle. Is it the environment or is it genetics that affects the behavior of an organism?
Future generations could experience trauma in their own lifetime. Or, the parental generation may reenact their trauma
onto their offspring, thus perpetuating trauma nonbiologically. Additionally, it’s difficult to define what a trauma is due
to the sensitive nature of the human brain; an event may trigger a trauma response in person A, but not in person B, but
person B might be traumatized by something else. More research is needed to understand the mechanisms in place that
influence behavior. However, there is growing evidence to suggest there is a relationship between nurture and the
expression of an individual’s nature that can be measured across generations. Transgenerational inheritance of
methylated genes demonstrates a genetic component to this seemingly elusive answer to the nature vs. nurture paradox.
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